Abstract: Lithium salts have been used to treat psychiatric disorders since the 1940s and are currently used in prophylaxis and treatment of depression and bipolar disorder. Therefore, we conducted this study to assess lithium toxicity-related publications using bibliometric approaches from a health point of view to assess global research trends in the lithium toxicity field to offer guidance to future research in this field. The data were retrieved from the online version of Scopus database on 6 August 2016. All records with the term 'lithium' in the title were retrieved, and those related to lithium toxicity were evaluated. There were a total of 1241 publications related to lithium toxicity published from 1913 to 2016. Articles (971 or 78.2%) were the most common type, followed by letters (179 or 14.4%) and reviews (61 or 4.9%). The annual publication of articles increased slightly after 1950 and the total number of publications related to lithium toxicity fluctuated with three peaks occurred in 1978, 1985 and 2014. The USA was the predominant country (25.38%), followed by the UK (7.82%), France (6.85%) and Canada (3.55%). Denmark had the highest productivity of publication after standardization by gross domestic product and population size. The average number of citations per article was 9.24, and the h-index for all publications in the field of lithium toxicity was 46. The highest h-index value was achieved by the USA (31) followed by the UK (21) and Canada (13). The Lancet was the highest ranked journal with 27 articles, followed by American Journal of Psychiatry with 23 articles. This study provides a bibliometric analysis on the global research trends in lithium toxicity studies during 1913-2015. There has been a progressive increase in the number of publications related to lithium toxicity published in the last decade, and most of the studies related to lithium toxicity arose from the USA and the UK.
Lithium salts have been used to treat psychiatric disorders since the 1940s and are currently used in prophylaxis and treatment of depression and bipolar disorder [1] . The pharmacological mechanisms of action include effects on a variety of neuronal cell signalling pathways including adenylate cyclase, glycogen synthase kinase-3 beta and protein kinase C [2] . Therapeutic responses to lithium and the occurrence of adverse effects are dependent upon dose and drug concentrations. Characteristic adverse effects include weight gain, tremor, polyuria and cognitive impairment, and certain long-term complications include hypothyroidism, diabetes insipidus and renal failure [3] . Lithium is subject to therapeutic drug monitoring to minimize the occurrence of adverse effects, and typical target serum concentrations between 0.5 and 0.8 millimoles per litre, and treatment normally confined to less than 5 years where possible [4, 5] .
Peak drug concentrations occur within 2-8 hr after oral administration of therapeutic lithium doses but may be delayed up to 72 hr after a large overdose due to formation of drug concretions within the stomach [6] . Lithium is readily distributed between the circulating and extracellular fluid compartments, followed by a slower phase of distribution to tissues [7] . Lithium is cleared almost exclusively by renal excretion, and so its duration of effect is prolonged in patients with renal failure [8] .
Lithium overdose in a patient not previously receiving lithium is associated with comparatively little toxicity because high initial circulating drug concentrations rapidly dissipate due to dilution in a large extracellular fluid volume; in contrast, overdose in patients receiving prior lithium treatment causes greater toxicity due to tissue saturation [9] . Late development of toxicity is a recognized characteristic, due to the time taken for drug accumulation in tissues. Cardiovascular manifestations of lithium toxicity can be delayed for several hours after neurological features occur, including atrioventricular delay and heart block [10] . Neurological features include stupor, seizures, cognitive impairment and coma; permanent neurological deficits have been reported after resolution of acute toxic effects [11] .
Strategies used in other poisonings are not thought to be effective for lithium; for example, lithium is not adsorbed by activated charcoal, and intravenous lipid administration is not expected to reduce cardiotoxicity [12, 13] . Gastric lavage is associated with highly variable recovery of lithium and its role is uncertain, and whole bowel irrigation may be helpful after ingestion of large, potentially fatal lithium quantities [14] . Haemodialysis is highly effective in removing lithium from the circulating compartment and may be considered in patients with serum lithium concentrations more than 2.5 millimoles per litre [15] . Continuous haemofiltration techniques allow Author for correspondence: Samah W. Al-Jabi, Department of Clinical and Community Pharmacy, College of Medicine and Health Sciences, An-Najah National University, Nablus 44839, Palestine (e-mails samahjabi@yahoo.com, samahjabi@najah.edu).
gradual removal of body lithium concentrations, and treatment is needed for more than 16 hr. Enhanced elimination may be particularly useful in the setting of chronic lithium treatment or accumulation; prolonged or repeated treatments may be needed to avoid rebound increases in blood concentrations [16] [17] [18] .
Bibliometric analysis has been performed in many toxicological fields such as calcium channel blocker toxicity [19] , methanol toxicity [20] , paracetamol toxicity [21] , glyphosate toxicity [22] , intravenous lipid emulsion as an antidote [23] and n-acetylcysteine as an antidote in paracetamol poisoning [24] . Therefore, we conducted this study to assess lithium toxicity-related publications using bibliometric approaches from a health point of view to assess global research trends in the lithium toxicity field to offer guidance to future research in this field.
Methods
The data were retrieved from the online version of Scopus database on 6 August 2016, which indexed 22,000 major journals across many different scientific disciplines. The Scopus database is considered as most reliable bibliographic source and has been widely used for a broad review of scientific accomplishment in a variety of scientific fields. In addition, Scopus is deemed as the largest abstract and citation database of peer-reviewed literature [25] [26] [27] .
All records with the term 'lithium' in the title were retrieved. The search was restricted for publications, which contains the words '*toxic*' OR 'poison*' OR 'overdos*' in the title. The search was performed in the field 'title' of the records to increase the accuracy of extracted data. The asterisk '*' was used to search for all words related to the original keyword used. For example, the word '*toxic*' would retrieve intoxication or toxic or toxicity or neurotoxicity or nephrotoxicity or hepatotoxicity, etc. The key words used in the study, '*toxic*' or 'poison*' or 'overdos*', were those pertaining to lithium intoxication per se rather than other related terminology such as side effects. The used keywords were selected because they are usually used in literature related to lithium toxicity [17] and in bibliometric studies related to the area of this research [19, 21, 23, 24] . The documents published during the period of 1913-2015 were included, and items published in 2016 were excluded. This starting year was selected because the first lithium poisoning-related publication was presented in 1913 by Scopus database [28] .
The country names, institution names, journal names and cited publications were isolated separately and presented in ranked order for the top 10. We also performed a bibliometric analysis to reveal global research patterns in lithium toxicity from the following aspects, which were used in previous studies [19] [20] [21] 23, 24, [29] [30] [31] [32] [33] [34] : publication years, publication types, publishing languages, international collaborations and major research output indicators such as h-index and impact factors (IF). The journals' 2015 IF were taken from Thompson Reuters' Journal Citation Reports, which was published in 2016 [35] . The two indicators, namely IF and h-index, are closely related with bibliometric analysis to assess quantity and quality of scientific research and have been widely used to evaluate a journal or a country's scientific achievement [36] .
Statistical analysis. Subsequently, the data were analysed by Microsoft Excel. The descriptive analysis was used to summarize the top 10 for each country, most cited articles, journals and institutions ranked by the number and percentage of articles. Research output for the top 10 countries was stratified by gross domestic product (GDP) and population size. Spearman's correlation test and p < 0.05 were used for statistical significance testing. Most frequent terms or topics were presented using VOSviewer technique [37] . Using the VOSviewer and thresholds of minimally 10 fractionally counted articles for each term, density visualization map was generated for most frequently encountered terms or topics in title or/and abstract of retrieved articles. In this map, most frequent terms had dense coloured cluster.
Results
From this study, 10 document types were found in a total of 1241 publications related to lithium toxicity published from 1913 to 2016. Articles (971 or 78.2%) were the most common type, followed by letters (179 or 14.4%) and reviews (61 or 4.9%). Other types of documents such as editorials and notes represented 3.3%. As research articles, letters and reviews were the most common types, their growth rates during the study period were compared. As shown in fig. 1 , research articles were holding primacy all through the study period and were not exceeded by other types of documents. Among these publications, 940 (75.7%) of all publications were published in English. Twenty-three other languages appeared, the most frequent of which were French (78), German (46), Russian (35) and Spanish (34) . Furthermore, fig. 1 shows the numbers of Scopus publications on lithium toxicity research during the 102-year study period in 3-year periods. The earliest research on lithium toxicity was published in the 1910s. The annual publication of articles increased slightly after 1950 and reached two peaks, one in 1978 and the second in 1985, then decreased to a nadir of 12 in 1998. Furthermore, fig. 1 shows that lithium toxicity research fluctuated continually before 1998 with a downward trend, and then the total output started to increase notably from 1998 to 2014, in which the year 2014 reflects the peak of publication with 44 articles.
Of the 1241 retrieved documents, 571 documents were related to human studies. Of course, there was some overlap between results obtained for experimental and human studies in relation to reviews or editorials or commentaries. Four hundred and six of publications in the field of lithium toxicity were case series or case reports, accounting for 32.7% of the total publications. Figure S1 shows visualization network map of most frequently encountered terms which reflects most frequently encountered topics in the title or/and abstract of retrieved publications. Based on the map, four clusters were located: two clusters were related to human and two clusters were related to experiment. Cluster number one included several topics with the terms related to lithium clearance or haemodialysis as most frequent one. The second cluster included terms related to case studies or symptoms including nephrotoxicity, neurotoxicity and thyrotoxicity being the most frequent terms. Clusters related to experimental studies contained several topics with the terms related to lithium effect, mechanism, activity, model, cell, rat, mouse and animal ( fig.  S1 ).
As shown in table 1, the top 10 countries/territories were ranked by number of publications, including h-index and the number and percentage of internationally collaborated publications. These ten countries contributed with 60.36% of all research publications in the field of lithium toxicity published during the study period . The USA was the predominant country (25.38%), followed by the UK (7.82%), France (6.85%) and Canada (3.55%). The average number of citations per article was 9.24, and the h-index for all publications in the field of lithium toxicity was 46. The highest h-index value was achieved by the USA (31) followed by the UK (21) and Canada (13) (table 1). Number of publications for top 10 countries was compared with country variables such as population size and GDP. There was no correlation between the number of published articles and population size (r = 0.038, p = 0.918). However, there was a strong correlation between the number of publications for each country and its GDP (r = 0.943, p < 0.001). Denmark had the highest productivity of publication after standardization by GDP and population size (table 1) .
We summarize the top 10 most productive journals in table 2, along with total article numbers, and impact factors that each journal received for these publications. The Lancet ranked first with 27 articles, followed by American Journal of Psychiatry with 23 articles and British Medical Journal with 20 articles. The total citations of the 10 most cited articles varied from 211 to 79 [8, [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] (table 3) . Most of cited articles are from Denmark by Schou et al. [45] [46] [47] . The most highly cited paper was entitled 'Lithium toxicity profile: A systematic review and meta-analysis'. The authors of this article were from the UK. This article was published in The Lancet with 211 total citations. No. of published documents
Year
Total published documents Letters Articles Reviews Fig. 1 . Annual growth of publications on lithium toxicity presented as total, research articles, reviews and letters (1913-2015). Among top 10 institutes in table 4, four institutes were in the USA, two institutes were in Denmark and other four institutes were from the UK, New Zealand, India and Netherlands. The VA Medical Center led institutional productivity with 16 publications, followed by Aarhus University Hospital with 15 publications, the Christchurch Hospital New Zealand with 11 publications, and the University of California, San Diego, with eight publications.
Discussion
Results of the current study explored key characteristics of bibliometrics such as: growth rate of research, most publishing countries, collaboration patterns, highly cited papers, citation impact, most preferred journals and most productive institutes.
The results of the current study showed that the annual number of publication of articles increased slightly after 1950 and the total number of publications related to lithium toxicity fluctuated with three peaks occurred in 1978, 1985 and 2014. Total number of publications had increased from 1950 to 1978. This finding may be related to debate about introducing lithium by Cade in 1949 [48] as a novel therapy for treatment of mental illness in Australia. The use of lithium in acute mania illness was approved by the United States Food and Drug Administration (FDA) in 1970 [49, 50] . In 1974, the use of lithium was extended for use as an effective treatment of manic-depressive symptoms [49, 50] . These findings may have led to an increase in lithium use and may have contributed to the increase in the total number of publications related to lithium toxicity in 1970s. Furthermore, the observed increase in lithium publications could be attributed to a series of Danish studies, which were published by Schou et al. in the 1950s [45, 47, [51] [52] [53] [54] . This group of researchers was in the influential list and two articles of this group [45, 47] ranked top in the number of citations. These two articles by the Danish group provided a novel concept related to lithium toxicity such as nephrotoxicity or thyrotoxicity, which received a large number of citations in relation to lithium toxicity. Another possible explanation for this increase could be due to one of the influential publications by Hansen and Amdisen [40] , which reviewed 23 Danish cases of lithium toxicity in addition to 100 cases of lithium toxicity from published literature. Hansen and Amdisen's study described the severity of lithium neurotoxicity and gave a rating for this neurotoxicity as nil, mild, moderate or severe, based on a rating scale [40] . The article achieved a total of 187 citations up to the time of data analysis in which most of these citations were related to lithium toxicity.
Furthermore, the results of our study showed that the total number of publications related to lithium toxicity research fluctuated continually before 1998 with a downward trend. However, the highest increase in the number of publications can be observed between 1998 and 2014, most likely due to the general progress in scientific research output related to toxicology seen in the last decades [21, 30, 34, [55] [56] [57] [58] [59] [60] . Another explanation for this increase may be related to the new pharmacological concepts related to lithium use. It is believed that lithium decreases the risk of suicide attempt in those who suffer from bipolar mood disorders and treatment of resistant depression [61] [62] [63] . This recent finding might have prompted renewed interest in the use of lithium, as the effect is not readily demonstrated by other similar medications [5, 64] . Furthermore, this increase in lithium toxicity publications seems to be motivated by a recent new toxicological aspect related to lithium poisoning and greater awareness of the potential for lithium to cause nephrotoxicity [65, 66] and renewed interest in the role of haemodialysis in the treatment of severe lithium poisoning [16] [17] [18] .
The USA and the UK were the most influential countries with the most publications, productive institutions and international cooperation. Bibliometric studies in other toxicological fields also demonstrated the predominance of the USA and the UK over other worldwide countries in number and quality of research output in various toxicological fields [19] [20] [21] 23, 24, 30, 34] . This research activity in the field of lithium toxicity may be related to population size, economic factors, the size of the scientific community, research traditions and funding in these countries [67, 68] , and also the incidence of lithium toxicity or number of poison centres may play a role in research performance [69, 70] .
The number of citations for the 10 top-cited articles in lithium toxicity varied from 211 to 79, which was less than those in other subspecialties in non-toxicological fields [71] [72] [73] [74] [75] and within the range of citations in other subspecialties in toxicological fields [19] [20] [21] 23, 24] . Citations fluctuate in different subspecialties and depend on the research activity in certain field. It is interesting to know that toxicology journals have low impact factors compared with other scientific journals, and also publications related to toxicology have low citations rate compared with other scientific fields [59, 76] .
Although this is the first study to provide a comprehensive view of the available research on lithium toxicity from the largest existing database, the previous bibliometric studies have addressed some limitations for such approach [31, 32, [77] [78] [79] . Firstly, the use of Scopus database could have omitted relevant publications from the analysis. Secondly, some publications did not contain lithium toxicity and related terms in the publication titles, so it is possible that not all publications for lithium toxicity were identified. Finally, the data for 2015 are scarce due to the lag time between the actual publication date and inclusion in Scopus database.
Conclusions
This is the first study to provide a bibliometric analysis on global research trends in lithium toxicity studies during 1913-2015. The most important conclusions of this study are as follows: (i) There has been a progressive increase in the number of publications related to lithium toxicity published in the last decade, (ii) most of the studies related to lithium toxicity arose from the USA and the UK, (iii) Denmark had the highest productivity of publication after standardization by GDP and population size, (iv) most of publications in the field of lithium toxicity were published in the Lancet, followed by American Journal of Psychiatry, (v) the VA Medical Center was the most productive institution, followed by Aarhus University Hospital, and (vi) the term 'lithium clearance' or 'haemodialysis' or 'case studies' or 'symptoms' was found to be the most frequently used as shown in density visualization map. 
